In Idiopathic Thrombocytopenic Purpura (ITP) corticosteroids have been widely recognized as the most appropriate first-line treatment, even if the best therapeutic approach is still a matter of debate. Recently, a single HD-DXM course was administered as first-line therapy in adult ITP patients. In this paper we show the results of two prospective pilot studies (monocentric and a multicentric, respectively) concerning the use of repeated pulses of HD-DXM in untreated ITP patients.
Abstract
In Idiopathic Thrombocytopenic Purpura (ITP) corticosteroids have been widely recognized as the most appropriate first-line treatment, even if the best therapeutic approach is still a matter of debate. Recently, a single HD-DXM course was administered as first-line therapy in adult ITP patients. In this paper we show the results of two prospective pilot studies (monocentric and a multicentric, respectively) concerning the use of repeated pulses of HD-DXM in untreated ITP patients.
Monocentre study: 37 severe ITP patients, age > 20 and < 65, were enrolled. HD-DXM, in 4 day pulses, every 28 days, for 6 cycles was given. Response rate was 89.2%; relapse free survival (RFS) 90% at 15 months; long-term responses, lasting for a median time of 26 months (6-77), were 25/37 (67.6%).
Multicentre study: 95 severe ITP patients, age > 2 and < 70, were enrolled. HD-DXM in 4 days pulses, every 14 days, for 4 cycles was given, 90 completed 4 cycles. Response rate (85.6%) was similar in patients classified by age (<18 years, 36/42= 85.7%; > 18 years, 41/48= 85.4%, p=n.s.), with a statistically significant difference between the second and third cycle (75.8% vs 89%, p=0.018). RFS at 15 months 81%; long-term responses, lasting for a median time of 8 months (4-24), were 67/90 (74.4%).
In both studies, therapy was well tolerated. A schedule of three cycles of HD-DXM pulses will be compared with standard prednisone therapy (e.g.1mg/Kg/day) in a next randomized GIMEMA trial.
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INTRODUCTION
Idiopathic Thrombocytopenic Purpura (ITP), an autoimmune disease, is characterized by early platelet destruction induced by autoantibodies directed against specific glycoproteins of platelet surface 1, 2 . Even if up to now corticosteroids have been widely recognized as the most appropriate first-line treatment, the best therapeutic approach to this disorder is still a matter of debate. Indeed, prednisone or prednisolone is administered, as front-line therapy, to most ITP adult patients who need to be treated. The starting dose is usually 1mg/Kg/day and usually continued for 2-4 weeks. If a raised platelet count is attained, the dose is gradually tapered over several weeks. With this approach usually an initial response rate of about 50-60% is obtained, while long-term remission rate, after therapy discontinuation, ranges between 10 and 20% [3] [4] [5] [6] [7] or more (25% long-term complete remissions, as reported by Portielje et al 8 ).
Furthermore, either prednisone/prednisolone, at standard/high doses or high-dose intravenous immunoglobulin (HD-IVIg) are also considered as first-line treatments in children affected by ITP needing therapy. With these approaches a long-term response rate of about 80% is reached [9] [10] [11] . Nevertheless, a controversy persists whether to give drug therapy to ITP children with mild or moderate bleeding symptoms, despite of very low platelet count, as a rapid spontaneous remission, without any therapy, is possible. The published practice guidelines for the treatment of ITP of American Society of Hematology (ASH) 6 and of British Society of Hematology (BSH) 12 , both based on expert opinions, give different recommendations. The former guidelines favour treatment based on low platelet count, while the latter ones prefer a "wait and watch" approach. However, the most part of randomized clinical trials concerning the treatment of ITP children, have considered the rise of platelet
For personal use only. on July 15, 2017. by guest www.bloodjournal.org From count as the unique relevant outcome. In fact, at present, there is a lack of randomized trials focusing also on bleeding, quality of life, adverse effects and costs as well. 13, 14 The administration of pulsed high-dose dexamethasone (HD-DXM) at a dose of 40mg/day given orally according to a four-day course, repeated each 28 days, for six consecutive times in adult ITP refractory to several therapy lines, dates back to the mid nineties. Indeed, in a small cohort of patients a response rate of 100% has been observed 15 , but in other studies, the same approach was not so successful [16] [17] [18] [19] . Andersen's purpose 15 was mainly based on some considerations: 1) efficacy of pulsed corticosteroids in reducing immunoglobulin production in clonal B-cell disorders, 2) long half-life and good tolerability of DXM when given in high doses, 3) very low cost of corticosteroids. Moreover, the efficacy associated with acceptable tolerability of pulsed HD-DXM was previously reported in the treatment of multiple myeloma 20 . In a very recent study, HD-DXM was given in a single four-day course (40mg/day, orally) in previously untreated adult ITP patients with very encouraging results:
initial response rate was 85%, relapse rate 50% and sustained response 42%. Moreover, all relapsed patients had a response to a second therapy course, but only a minority of them (18.5%) showed a persistent response after discontinuation of maintenance therapy 21 .
Although it seems that HD-DXM has a better response rate than conventional prednisone doses, we do not know whether results could be improved by reducing relapse rate, and, thus, improving persistent responses, as there are no randomized studies.
In this paper we show the results of two different prospective pilot studies, a monocentre study and a multicentre study, concerning the use of pulsed HD-DXM in newly diagnosed, untreated ITP patients.
The aim of the first mentioned study was to evaluate the feasibility, compliance and efficacy of the Andersen's protocol, proposed for refractory ITP, in untreated newly diagnosed adult promising in what concerns efficacy. Nevertheless, we observed an early discontinuation of therapy in more than 48% of patients, either due to medical decision or to low compliance to a long-lasting treatment. On the basis of this preliminary experience, the GIMEMA ITP Working Party planned a multicentre pilot study in which pulsed HD-DXM was given as first-line treatment according to a modified therapy schedule, by reducing courses number (from 6 to 4) and by shortening time intervals between them (14 days instead of 28). Adults and children with ITP were enrolled in this second study. The objectives were to evaluate efficacy, safety and patients' compliance.
METHODS

Inclusion criteria
Monocentre pilot study
Eligible subjects for this study were previously untreated adult patients (age ≥20 to ≤65) with newly diagnosed ITP and a platelet count of < 20 x 10 9 /L or > 20 x 10 9 /L if bleeding symptoms were present, according to the below reported score ( an adult centre and not to a pediatric ward. Moreover, among the < 18 year population, we considered also a segregation at age of 10 years between pre/ peripubertal and post-pubertal age .
Both our pilot studies, did not provide a control group.
In both studies, each enrolled patient or his/her legal guardian signed an informed consent form. This research was approved by the council of Biotechnology and Hematology department of the University of Rome "La Sapienza."
Exclusion criteria
In both studies the exclusion criteria were as follows: pregnancy, hypertension, cardiovascular diseases, diabetes, liver and kidney function impairment (e.g.: ALT, AST > 2 times upper normal limit; creatinine > 1.8 mg/dL respectively), HCV, HIV, HBsAg seropositive status and a recent viral illness or intake of non corticosteroids anti-inflammatory drugs, both occurred within one month before diagnosis. Moreover, the presence of autoimmune haemolytic anaemia and connective tissue diseases was also considered as an exclusion criterion. In both studies, patients in whom bone marrow aspirate was not performed were excluded.
Diagnosis of ITP
Diagnosis of ITP was based on to commonly adopted criteria: patient's medical history, physical examination, complete blood cells count and cytomorphlogical examination of peripheral blood smear 6, 12 , in which no alterations of erythrocytic and leukocytic series should be present. To confirm the diagnosis, bone marrow aspirate was performed to all patients and only those with presence of a normal or increased number of megakaryocytes,
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Determination of autoimmunity markers (antinucleus, antimitochondria, anticardiolipin antibodies) and direct antiglobulin test (DAT) was also performed in all enrolled patients.
Bleeding symptoms were classified according to a "score system" graded from 0 to 4, as reported in table 1. Bleeding symptoms were considered present if bleeding score was graded 1 or more.
Therapy schedules
In the monocentre study the therapy schedule was as follows: DXM was administered intravenously, at 40 mg single daily dose, for 4 consecutive days, every 28 days. A total of 6 cycles was planned. If platelet count remained < 20 x 10 9 /L between courses or bleeding symptoms related to thrombocytopenia were present, therapy with prednisone at 0.25 mg/Kg/body weight/day, p.o. was given. Complete blood cell count was performed on days 5
and 28 of each cycle. Response evaluation was assessed after completion of therapy on day 28 of the latest performed cycle.
In the GIMEMA multicentre pilot study, oral or intravenous DXM was given as single daily In both studies a therapy course was defined as the time interval between the first DXM pulse and the fourth one. A therapy cycle was defined as the time interval between the start of a given therapy course and the start of the following course, including the gap between them.
Response evaluation
In both studies the response was evaluated according to the following criteria: Complete Relapse free survival (RFS) was defined as the time interval between achievement of response and relapse.
Statistical Analysis
For personal use only. Relapse-free survival was measured from the date of response achievement to the date of relapse, censoring patients alive without relapse. The probability of RFS was calculated using the Kaplan-Meier method and the prognostic value of potential factors was assessed using the log-rank test with stratification for risk group.
The multivariate analysis of RFS was done using the Cox proportional hazard model. All analyses were two tailed and were considered statistically significant when p≤ 0.05.
All analyses were performed using SAS v.8.02.
RESULTS
Monocentre study
Thirty-seven eligible previously untreated ITP patients were enrolled in this study. The main clinical characteristics of these patients are listed in table2.
All patients underwent a mean of 5 therapy cycles (min-max 3-6); 19/37 patients (51.4%) completed 6 cycles. Treatment was stopped before completion in 18 patients (48.6%) due to poor compliance in 9 patients (5 CR, 3 PR, 1 MR), medical decision in 4 (2 CR, 2 NR) and adverse events in 5 (4 CR, 1 NR).
No patient showed positivity of autoimmune markers and or DAT. During therapy cycles, no bleeding complications and no salvage or emergency therapies, like platelet transfusions or HD-IVIg, were required.
GIMEMA multicentre pilot study
Ninety-five eligible previously untreated ITP patients were enrolled in this study. Response evaluation by therapy cycle showed that overall response rates (CR+PR+MR) after the first, the second, the third and the fourth cycle were as follows: 69.5% (66/95), 75.8%
For personal use only. on July 15, 2017. by guest www.bloodjournal.org From (72/95), 89% (81/91), 85.6% (77/90), respectively. No statistically significant difference of overall response rates was found between the first and the second cycle (p= n.s.), while a statistically significant increase was found between the first and the third cycle (p=0.001) and the second and the third one (p=0.018). After the fourth cycle, no further rise was recorded (p=n.s.). Even if the overall response rate in patients under and over 18 years was similar (85.7% vs 85.4%), a progressive improvement of the quality of response (CR) from the first therapy cycle to the fourth one was observed, in particular in patients <18 years (figure 2).
Moreover, the quality of response (CR rate vs PR+MR rate) achieved by the two above mentioned groups was better in terms of statistically significance in patients aged <18 years (p= 0.039) (fig 2) . Considering the segregation at 10 years cut point of evaluable patients aged <18 years (32/42 aged <10 years and 10/42 aged > 10 years), we noted that total response rate (CR+PR+MR) was 87.5% (28/32) and 80% (8/10), respectively.
In all evaluable 90 patients, considered as a whole and separated in age classes, we have evaluated the early rise of platelet count at the 4 th day of 1 st therapy cycle, that is the day after the end of the 1 st therapy course (control at day 4 as the GIMEMA study provided).
Moreover, we evaluated, on the same day, how many subjects (adults and children) obtained a rise of platelet levels >30x10 9 /L (MR), If we also considered the two children subgroups, <10 and ≥ 10 years, they behaved similarly.
Median FU of 90 evaluable patients was 10 months (range 3-24). Treatment with pulsed HD-DXM was well tolerated. Adverse events were recorded in 2/95 enrolled patients (2.1%), both adults: transitory hypertension in one patient, gastric distress in another patient who was withdrawn from treatment after the third therapy course.
Both events were of grade 3 (CTC-NCI 2.0). No patient aged <18 years discontinued the treatment for adverse events related to therapy.
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During therapy cycles, no bleeding complications were recorded and no salvage or emergency therapies, like platelet transfusions or HD-IVIg, were required.
Non responder patients (29 after 1 st cycle, 23 after 2 nd cycle, 10 after 3 rd cycle) received lowdose DXM between courses.
DISCUSSION
The rationale of the initial therapeutic approach of ITP is either to overcome bleeding risk or to achieve a stable response, possibly without any further treatment, and thus, avoiding longterm side effects as infections or metabolic alterations.
It is well known that, up to now, prednisone or prednisolone, is considered the most largely used therapeutic approach as first-line treatment for ITP patients, especially when adults, even if consistent data regarding the best dosage are missing. With prednisone or prednisolone given at standard daily dose around 1 mg/Kg for 2-4 weeks, an initial response rate of 50-60% is generally obtained, but long-term response rate, without any therapy, is very low (10-25%) 3,5-7. Moving from the Andersen's experience 15 , concerning the use of pulsed HD-DXM given in resistant/refractory ITP with very satisfactory results, we planned a first pilot monocentre study with the aim of evaluating efficacy, safety and tolerability of this treatment as first-line therapy in previously untreated adult ITP patients, according to a six cycles therapy schedule.
Initial response rate was very encouraging (about 90%) and long-term response was about 68% (25/37, with 20 CR) in all evaluable patients (median FU 26 months). Notwithstanding the number of therapy cycles administered (6 or less), there was no statistically significant difference on the initial response rate and on RFS at 15 months. Nevertheless, a shorter therapy schedule could be advisable, especially, if we consider that 9 patients discontinued treatment before completion of therapy due to poor compliance. On the basis of these
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The GIMEMA multicentre pilot study showed that the pulses of HD-DXM, given at shorter time intervals, were feasible and well tolerated by adults and children with ITP. Patients' compliance was good. Efficacy was proved by high initial response rate (about 86%) and a low overall relapse rate (13%), with a RFS of 81% at 15 months. The greatest overall initial response rate was reached after completion of the third therapy cycle, without any further significant increase after the fourth cycle, even if the quality of response (CR versus PR+ MR rate) tends to improve through cycles, until the fourth one (figure 2).
In the GIMEMA multicentre pilot study it was planned to enrol adults and children with ITP; despite initial overall response rate was similar in patients under and over 18 years old (85.7% vs 85.4%), however, children outcome during the FU was better than that of adults. In fact, the patients under 18 years old showed a lower relapse rate than older patients (2.7% vs 22% p= 0.01) and a higher sustained response rate in time. ( figure 3A) . Even if initial response rate and long-term outcome of children is similar to that reported in previous published series, however, due to the rapid achievement of safe platelet count just at the end of the first therapy course in a large part of patients, we did not experience any adverse events related to bleeding during the early period of treatment. It is noteworthy that this is true for children belonging to both age subgroups, under and over 10 years, although there was a discrepancy as it concerned the number of evaluable patients (32 vs 10). (table 4 ). The prevention of severe bleedings, indeed, is one of the major aims of children ITP treatment.
The quality of initial response rate influence the long-term response. In fact, patients who obtained a CR showed a better outcome, with a higher RFS rate, than patients who reached
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As for adult patients, comparing the results obtained in both studies to those reported in the literature with conventional treatment, a better initial response rate and an increased longterm response rate (about 67% versus 10-25%) was observed.
In the multicentre study we observed a better patients' compliance, probably due to a shorter duration of the therapy schedule, without relevant side-effects. Moreover, nor bleeding complication, nor emergency therapies were recorded during therapy cycles in adults or in children. In fact, according to the GIMEMA protocol, non responder patients received lowdose DXM between therapy courses.
The results obtained by the GIMEMA multicentre pilot study in adults are comparable to those recently reported by Cheng et al. for the initial response rate (85% vs 85%). However, the relapse rate of 22% observed in the GIMEMA study, is very different from that observed by Cheng et al. who reported a 50% of relapse rate within 6 months from response achievement. As a consequence, we have obtained 66.7% (32/48 evaluable adult patients) of persistent responses, without any therapy, while, in the Cheng et al study it was reported a persistent response rate of 42% 21 . Furthermore our data seem to be similar to those of Borst et al. 23 , who more recently reported a long-term response of 59%. However , they observed 22% of adverse events, which in our two studies were 13.5% and 2.1%, respectively. Therefore, our results confirm that HD-DXM can be proposed as first-line treatment of both adults and children with ITP. Moreover, repeated cycles of therapy seem to be more efficient than only one cycle as proposed by Cheng et al. to achieve long-term response, especially in adults. In fact, in the GIMEMA experience a persistent response after 4 therapy cycles is achieved on about 67% of adults patients, as compared to 42% of response obtained by Furthermore, because no statistically significant difference as it concerns the initial overall response rate between the third and the fourth cycle was noted, only three therapy cycles, could be more appropriate, reaching a better patients' safety and tolerability, keeping the efficacy. In conclusion, randomized clinical trials are necessary to confirm these issues, and thus, pulses of HD-DXM given according to three cycles will be proposed in a next randomized "GIMEMA" clinical trial, versus conventional prednisone treatment, given at daily dose of 1mg/Kg for 4 weeks, for previously untreated adult ITP patients .
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